S@C-Co-N nanoporous carbon co-doped with cobalt and nitrogen as the cathode of lithium-sulfur battery are prepared. The synthetic route is carried out via the carbonization of metal organic frameworks polyhedron ZIF-67, followed by the heat treatment with sulfur. The SEM images suggest that C-Co-N composite maintains almost the same size and polyhedron shape of ZIF-67. The XRD pattern confirms the existence of cobalt element. As cathode for lithium-sulfur battery, the S@C-Co-N composite delivers a reversible capacity of 916.6 mAh•g −1 at the initial cycle and 460.5 mAh•g −1 after 500 cycles at 0.5 C, with a capacity fading of 0.09% per cycle.
Introduction
Metal-organic frameworks (MOFs) are a class of porous materials [1] that have attracted enormous attention during the past two decades due to their high surface areas, controllable structures and tunable pore sizes [2] [3] . Benefiting from the advantageous features of MOFs, numerous MOF-derived materials with various porous structures and compositions, such as spherical/non-spherical hollow materials, and hierarchical carbon structures, have been successfully prepared in recent years through various synthetic approaches. Recently, there has been a rapidly growing interest in developing MOF-based materials [4] for electrochemical energy storage [5] . Lithium-sulfur batteries have a high energy density (2600 Wh/kg) [6] [7] . Moreover, both the sulfur itself and Li 2 S are insulators, [8] which require the incorporation of conductive additives and thus lead to the poor utilization of active material.
Additionally, polysulfides shuttle effect [9] [10] remains a significant challenges to practical applications of the Lithium-sulfur batter. Therefore, storage and immobilization of dissolved polysulfides is of great importance to avoid low coulombic efficiency and self-discharge behavior in designing a Li-S battery with long cycle life. MOF-derived carbon materials have shown high surface area, hierarchically porous structures and good electrical conductivity, making them attractive candidates for Li-S batteries. In this work, a well-designed 3D porous carbon structure co-doped with cobalt and nitrogen (C-Co-N) derived from the direct carbonization of metal organic frameworks polyhedron ZIF-67 was prepared [11] to host sulfur. When evaluated as the cathode of lithium-sulfur battery, it shows enhanced cycle stability.
Experimental Section

Synthesis of Materials
Synthesis of ZIF-67nanocrystals: 2-methylimidazole were purchased from 
Electrochemical Measurements
The electrochemical performances were measured using coin-type 2016 cells, 
Result and Discussion
SEM image shows that ZIF-67 polyhedrons with the uniform size of about 500 nm. After carbonization process, the ZIF-67 precursor transformed to the C-Co-N. Figure 1 suggests that C-Co-N composites maintain almost the same size and polyhedron shape of ZIF-67. The crystal structures of the as-prepared ZIF-67 and C-Co-N composites were confirmed by X-ray diffraction (XRD). After carbonization process in argon atmosphere, the 2-methylimidazole ligands transform to the N-doped porous carbon polyhedrons, meanwhile, the Co 2+ is reduced to Co nanoparticles, the XRD patterns (Figure 2) show the existence of the Co nanoparticles, the characteristic peaks of C-Co-N composite perfectly corresponding to the JCPDS card of Co crystal (PDF#15-0808). In addition, the homogeneous distribution of cobalt nanoparticles and the nitrogen group in the C-Co-N composite not only significantly protect soluble polysulfide from migrating out of the framework through strong chemical interactions but also facilitate the catalytic effect in the charge and discharge of Li-S batteries.
As shown in Figure 3 , the S@C-Co-N cathode delivers an initial specific capacity of 916.6 mAh•g −1 at 0.5 C, which is stabilized after the 30th cycle. After 500 cycles, the capacity remains at 460.5 mAh•g
, corresponding to as low fading rate of 0.09% percycle. C-Co-N carbon structure displays a good long cycle stability. The rate capability of the S@C-Co-N cathode was conducted at 0.1 -2 C-rates. The S@C-Co-N cathode exhibits a better rate capability (Figure 4 
Conclusion
In summary, a well-designed 3D porous carbon matrix (C-Co-N) derived from an MOF polyhedron (ZIF-67) was prepared to host sulfur. Due to the crystalline configuration and abundant micro-porous, the C-Co-N architecture not only ensures sufficient space to host sulfur nanoparticles but also efficiently prevents polysulfides from dissolution by physical interaction. Furthermore, the existence of Co nanoparticles and doped nitrogen in the S@C-Co-N composite effectively 
